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Supergravities with gauged R-symmetry and Minkowski vacua allow for spontaneous supersymme-
try breaking and, as such, provide a framework for building supergravity models of phenomenological
relevance. In this letter we initiate the study of double-copy constructions for these supergravities.
We argue that, on general grounds, we expect their scattering amplitudes to be described by a double
copy of the type: (Higgsed gauge theory)⊗ (gauge theory with broken SUSY). We present a simple
realization in which the resulting supergravity has U(1)R gauge symmetry, spontaneously-broken
N = 2 supersymmetry, and massive gravitini. This is the first instance of a double-copy construc-
tion of a gauged supergravity and of a theory with spontaneously-broken supersymmetry. The
construction extends in a straightforward manner to a large family of gauged Yang-Mills-Einstein
supergravity theories with or without spontaneous gauge-symmetry breaking.
PACS numbers: 04.65.+e, 11.15.Bt, 11.30.Pb, 11.55.Bq
Gauged supergravities—supergravities in which part
of the R-symmetry has been promoted to a gauge
symmetry—play a central role in the diverse land-
scape of supersymmetric extensions of gravity. From
a string-theory perspective, such theories arise natu-
rally in the context of flux compactifications. Certain
classes of gauged supergravities admit flat Minkowski
vacua in which supersymmetry is (spontaneously) bro-
ken and hence can be employed in the search for
phenomenologically-viable models. Classifying all possi-
ble supergravity gaugings in various dimensions has been
the object of a large body of work (see reviews [1, 2]),
eventually leading to the formulation of the embedding-
tensor formalism [3–7] (see also [8]) that resulted in the
discovery of novel gaugings including a new family of
SO(8) gauged supergravities in four dimensions [9].
Recent advances in scattering amplitude calculations
have been playing a key role in revealing hidden proper-
ties of gravity. Amplitudes in many supergravities admit
a simpler formulation in terms of gauge-theory building
blocks. A systematic framework for finding this descrip-
tion is provided by the double-copy construction intro-
duced by Bern, Carrasco, and one of the current authors
[10, 11]. The double copy applies to tree- and loop-
level amplitudes [12–14] as well as classical solutions [15–
17], and extends earlier string-theory results by Kawai,
Lewellen, and Tye [18]. Recent success in reformulat-
ing large families of Maxwell-Einstein (ME) [19–23] and
Yang-Mills-Einstein (YME) supergravities [24–26] in the
double-copy language has prompted the proposal that all
theories of gravity could be regarded as double copies of
some sort [22] (see also [27]). Generalizing these con-
structions to gauged ME and YME supergravities con-
stitutes a major step towards establishing this proposal,
and has the potential for incorporating a large body of
supergravity literature into the rapidly-developing field
of amplitude calculations.
In this letter, we propose a general strategy for express-
ing gauged supergravities as double copies. The main
result is that amplitudes with the correct properties can
be obtained from those of a theory with spontaneously-
broken gauge symmetry and a gauge theory with broken
supersymmetry. We present an explicit example in which
we gauge a U(1)R subgroup of the SU(2)R R-symmetry
in theories belonging to the so-called generic Jordan fam-
ily of N = 2 ME supergravities.
Gauged supergravity always involves a minimal cou-
pling between (some of the) gravitini and one or more
vector fields. Consequently, for Minkowski vacua, there
exist non-vanishing gravitini–vector amplitudes
M3
(
1ψi, 2ψj , 3A
a
)
= igRt
a
ij v¯
µ
1 ✁ε3v2µ +O(g0R) , (1)
where gR is the gauge coupling constant, vlµ(l = 1, 2) are
the gravitini’s polarizations, and taij are the representa-
tion matrices of the gauged R-symmetry subgroup, act-
ing on the two gravitini. We omitted terms involving field
strengths which do not explicitly depend on gR; these are
unrelated to the gauging. While seemingly innocuous,
the amplitude (1) is not invariant under a linearized su-
persymmetry transformation, vlµ → vlµ+klµǫ (the spinor
ǫ obeys ✁klǫ = 0 to preserve the gamma-tracelessness of
vlµ). Hence, assuming that the gauging procedure pre-
serves the supersymmetry of the Lagrangian, the ampli-
tude above must belong to a theory with spontaneously-
broken supersymmetry (possibly partially). Since local
supersymmetry can no longer be used to reduce the grav-
itino’s physical polarizations down to two, a gravitino
now has four distinct polarization states corresponding
to a massive spin-3/2 particle. Thus, we need to consider
a double-copy construction valid for massive gravitini.
2Gauged supergravities as double copies: The
double-copy construction of [11] starts from gauge-theory
amplitudes organized in terms of cubic graphs whose
edges are labeled by representations of the gauge group.
The color factor ci of each graph is obtained by dress-
ing each vertex with the corresponding group-invariant
symbol; the kinematic numerator ni of each graph in-
cludes the dependence on external polarizations as well
as loop and internal momenta. If (a) two gauge the-
ories have common mass spectra and conjugate gauge-
group representations (so that gravity states can be asso-
ciated to gauge-invariant bilinears of gauge-theory states)
and (b) the kinematic numerators (ni and n˜i) obey the
same algebraic identities as the color factors (manifesting
color/kinematics (C/K) duality) then
M(L)n = iL+1
(κ
2
)2L+n−2∑
i∈cubic
∫
dLDℓ
(2π)LD
1
Si
nin˜i∏
αi
dαi
(2)
gives the corresponding n-point L-loop supergravity am-
plitude. Here κ is the gravitational coupling, Si are sym-
metry factors, 1/dαi are (possibly massive) propagators,
and D is the spacetime dimension. For gauge-theory
amplitudes which lack manifest C/K duality, generalized
double-copy constructions have been proposed [28].
The freedom of choosing the two gauge theories is criti-
cal for having a double-copy description for large families
of (super)gravities. Given the number of explicit con-
structions to date, it has been suggested that all gravity
theories may have this property [22]. For our purpose,
we must choose two gauge theories whose spectra and
interactions allow for a factorized form of the amplitude
in eq. (1). The product between a trilinear vector in-
teraction and a minimally-coupled fermion–scalar inter-
action leads to the expected gravity states and interac-
tions; the absence of explicit momenta in eq. (1) implies
that the trilinear vector interaction has no derivatives
and thus belongs to a spontaneously-broken gauge the-
ory. Together with the presence of massive gravitini, this
implies that the fermions of the other gauge theory must
be massive. We therefore propose that gauged supergrav-
ities around Minkowski vacua can be presented as dou-
ble copies of a spontaneously-broken gauge theory and a
gauge theory whose supersymmetry is explicitly broken
by fermion masses. Schematically, the double copy is(
gauged SUGRA
)
=
(
Higgsed YM
)
⊗
(
s✟✟uper YM
)
. (3)
A simple realization: To illustrate the proposed
construction, we take as the left gauge theory (GTL) an
SU(N +M) YM-scalar theory with 4D Lagrangian
L0 = 1
g2
Tr
[
−1
4
FµνF
µν−1
2
Dµφ
aDµφa+
1
4
[φa, φb]2
]
, (4)
with a, b = 1, . . . , n. As discussed above, the gauge sym-
metry is spontaneously broken; we choose a scalar VEV
φa → φa + 〈φa〉 of the form
〈φa〉 = V a × diag
( 1
N
1lN ,− 1
M
1lM
)
, (5)
where V a is constant. The subgroup G = SU(M) ×
SU(N)× U(1) remains unbroken and the spectrum is
GTL :
{
A±, φa
}
G ⊕
{
Wµˆ, ϕ
s
}
R ⊕
{
W µˆ, ϕ
s
}
R , (6)
where G denotes the adjoint representations of G and R
and R are the bifundamental (N,M) and (N,M) repre-
sentations. All fields transforming in the R,R represen-
tations have the same mass m. The index s = 2, . . . , n
runs over the massive scalars, while µˆ runs over the three
physical polarizations of the massive W s. It was shown
in ref. [25] that this theory obeys C/K duality.
The right gauge theory (GTR) has explicitly-broken
supersymmetry and Lagrangian
LN✚=2=
1
g2
Tr
[
− 1
4
FµνF
µν − 1
2
DµϕαD
µϕα +
1
4
[ϕα, ϕβ ]
2
+
i
2
χΓµDµχ+
1
2
χΓα[ϕα + 〈ϕα〉, χ]
]
, (7)
where χ is a six-dimensional Weyl fermion and α, β = 5, 6
(this compact notation reflects the six-dimensional origin
of the theory). This theory preserves C/K duality be-
cause it can be realized as the orbifold of a spontaneously-
broken pure N = 2 SYM theory. Indeed, we begin with
the SU(N +M) N = 2 SYM theory and spontaneously
break the gauge group to G = SU(N)× SU(M)× U(1)
by introducing a VEV
〈ϕα〉 = V˜α × diag
( 1
N
1lN ,− 1
M
1lM
)
, (8)
which is chosen to have the same magnitude as the one
in the left gauge theory, (V a)2 = (V˜α)
2, so that the two
theories have common mass spectra. Conjugation by the
matrix γ = diag(1lN ,−1lM ) is a symmetry of the La-
grangian and so is the sign flip of fermion fields. We
may therefore orbifold by their composition:
Aµ 7→ γAµγ−1 , χ 7→ −γχγ−1 , ϕ 7→ γϕγ−1 . (9)
Since, as shown in [20, 25], each of these operations pre-
serves C/K duality, so must the resulting theory. Its
Lagrangian is that of eq. (7) and its spectrum is
GTR :
{
A±, ϕα
}
G ⊕
{
χ
}
R ⊕
{
χ
}
R . (10)
Gauging U(1)R in N = 2 supergravities: General
ME supergravity theories with N = 2 supersymmetry in
five dimensions were constructed by Sierra, Townsend,
and one of the current authors [29, 30]. Their gaugings
were studied in refs. [31, 32]; gaugings that require du-
alization of some of the vector fields to tensor fields were
constructed later [33, 34]. Four-dimensional ME super-
gravities and their gaugings were studied in refs. [35–39]
3(see [2] for further references). The fields of 5D ME su-
pergravity with n vector multiplets are
MESG : {emµ ,Ψiµ, AIµ, λia, ϕx} , (11)
where I = 0, 1, . . . , n; a, x = 1, . . . , n, and i, j =
1, 2 are R-symmetry indices [29]. ME theories are
completely specified by the cubic polynomial V(ξI) ≡
(2/3)3/2CIJKξ
IξJξK , where ξI are coordinates of a
(n + 1)-dimensional ambient space and CIJK is a con-
stant symmetric tensor. The scalar fields parametrize
the V(ξ) = 1 hypersurface in this ambient space. The
metric a˚IJ of the kinetic energy term of the vector fields
is given by the restriction of the ambient-space metric to
this hypersurface; it is written in terms of the vielbeine
(hI , h
a
I ) as a˚IJ = hIhJ + h
a
Ih
a
J (see ref. [29] for explicit
expressions). Thus, as is relevant for the amplitude per-
spective, theories in the ME class are uniquely specified
by their spectra and three-point interactions.
In this letter we will focus on the ME supergravities be-
longing to the generic Jordan family with symmetric tar-
get spaces in five and four spacetime dimensions. They
have n > 1 vector multiplets and are defined by the cubic
polynomial V(ξ) = √2ξ0[(ξ1)2 − (~ξ · ~ξ)]. Their double-
copy construction was given in ref. [24].
As shown in refs. [31, 34], it is possible to gauge a
U(1)R subgroup of the R-symmetry group SU(2)R for all
ME supergravity theories. The resulting actions admit
Minkowski vacua with spontaneously-broken supersym-
metry. Thus we expect them to admit a double-copy con-
struction as explained above. The relevant Lagrangians
are obtained by covariantizing derivatives on the fermions
with respect to the U(1)R gauge field VIA
I
µ defined by an
(n+ 1)-dimensional constant vector VI ,
DµΨiν ≡ ∇µΨiν + gRVIAIµδijΨνj ,
Dµλia ≡ ∇µλia + gRVIAIµδijλaj , (12)
and adding the following terms to the 5D Lagrangian:
δL = − i
√
6
8
gRΨ
i
µΓ
µνΨjνδijP0 −
1√
2
gRλ
ia
ΓµΨjµδijPa
+
i
2
√
6
gRλ
ia
λjbδijPab − g2RP (R) . (13)
The coefficient functions P0, P
a, and P ab are given in
terms of V I as
Pa(ϕ) =
√
2hIaVI , P0(ϕ) = 2h
IVI ,
Pab(ϕ) =
1
2
δabP0 + 2
√
2TabcP
c , (14)
with Tabc = CIJK h
I
ah
J
b h
K
c . The scalar potential P
(R)(ϕ)
is given by [31, 34]
P (R)(ϕ) = −(P0)2 + PaP a=− 4CIJKVIVJhK , (15)
where the indices of the constant tensor CIJK are raised
by the inverse metric a˚IJ . For the generic Jordan family
CIJK = CIJK .
The deformation breaks the R-symmetry down to a
U(1)R subgroup. Minkowski vacua correspond to gaug-
ing with vanishing potentials, P (R)(ϕ) = 0; they break
supersymmetry spontaneously [31, 34]. Up to rotations
and overall rescaling, the simplest choice of VI leading to
theories with this property is V
(±)
I =
(
0, 1,±1, 0, . . . , 0)
[40]. This choice breaks the global symmetry group down
to the Euclidean group E(n−2) for (n−2) internal dimen-
sions. To study the spectrum of the theory, it is conve-
nient to redefine the massive gravitini as
ξiµ = Ψ
i
µ −
i√
12
Γµλ
iaPa
P0
+
√
2
gRP0
Dµ
(Paλai
P0
)
. (16)
After this operation, the Goldstino field ηi = λiaPa/P0
no longer appears in the Lagrangian having been eaten by
the gravitino which becomes massive (this is analogous to
the unitary gauge in spontaneously-broken YM theories).
Mass matrices for gravitini and remaining spin-1/2 fields
can be written as
M ξij =
√
6
4
gRP0δij , M
λ
abij =
gR√
6
(
Pab− 5
2
PaPb
P0
)
δij . (17)
Taking into account that the non-vanishing coefficient
matrices at the scalar base point are P0|cI = 2
√
2/3,
P1|cI = −
√
2/3 = P11|cI , P2|cI = ∓
√
2, P12|cI = ±2
√
2,
P22|cI =
√
6, and Pss|cI = −1 (s = 3, . . . , n), it is imme-
diate to verify that the masses of the two gravitini and
one pair of spin-1/2 fermions arem = gR. The remaining
non-zero fermion masses are equal to −gR.
A direct comparison of double-copy amplitudes with
supergravity calculations requires that we properly iden-
tify the mass dependence (i.e. the dependence on gR in
supergravity). Apart from its explicit appearance in the
Lagrangian, in both gauge theory and supergravity the
mass is also hidden in the massive particle wave func-
tions. To expose it we, shall use spinor-helicity notation
and reduce the supergravity Lagrangian to four dimen-
sions. For the 5D spinors rewritten as Dirac spinors, the
reduction is straightforward. The reduction of a mas-
sive gravitino yields the 4D gravitino ξµ and a further
spin-1/2 field ξ. The precise decomposition of the 5D
gravitino is chosen such that the 4D quadratic terms are
canonically normalized.
To obtain diagonal kinetic terms for the bosons in the
4D Lagrangian, we dualize the vector A−1µ from dimen-
sional reduction of the graviton, and redefine fields as
 A−1µA0µ
A1µ

 → −1
4

 −1 1
√
2
2 −2 2√2
2
√
2 2
√
2 0



 A−1µA0µ
A1µ

. (18)
After this operation, A−1µ is the 4D graviphoton and the
4vector identifying the U(1)R gauge boson is expressed as
V
(±)
A =
(
V−1, V
(±)
I
)
=
(
− 1√
2
,− 1√
2
, 0,±1, 0, . . . , 0
)
. (19)
Supergravity amplitudes can now be straightforwardly
computed from the Lagrangian and matched with the
ones from the double-copy method. We focus in partic-
ular on the amplitudes involving the U(1)R gauge field
and two gravitini, which have the form in eq. (1), where
taij is replaced by the identity (note that the polariza-
tion vector-spinors vlµ need to be transverse and gamma-
traceless). Such amplitudes can be reproduced with the
following double-copy field map for the fermions:
ξµ =Wµ ⊗ χ − Wν ⊗
(γµ
3
− ipµ
3m
)
γνχ ,
ξ = Wν ⊗ γνχ , (Uλ)s = ϕs ⊗ χ . (20)
The combination on the first line is manifestly transverse
and gamma-traceless. U is a unitary matrix diagonaliz-
ing the spin-1/2 mass terms and the index s = 2, 3, . . . , n
runs over all spin-1/2 fields except the Goldstino. Since
the U(1)R gauging affects only the fermionic terms in the
Lagrangian, the double-copy origin of the vector fields
will be the same as for the ungauged construction [24]:
A−1+ = A+ ⊗ z , z = (ϕ6 + iϕ5)/
√
2 ,
A0+ = A+ ⊗ z¯ , ±iA1± = φ1 ⊗A± ,
As± = φ
s ⊗A± . (21)
The factor of i arises because the double copy is most
naturally formulated in a symplectic frame with SO(n)
compact isometry, which differs from the one singled out
by dimensional reduction by the dualization of one vector
field. The gauge boson defined by (19) has the following
simple double-copy realization:
AV
(±)
+ = −A+ ⊗ ϕ6 ± φ2 ⊗A+ . (22)
In order to match the amplitudes from the double copy
with the ones from the supergravity Lagrangian, we em-
ploy the massive spinor-helicity formalism, writing mas-
sive momenta as pi = p
⊥
i − m
2
2pi·q q. Here q is a reference
momentum and p⊥i , q are both massless. Polarizations for
massive spinors are written as vt+ =
(|i⊥], m|q〉/〈i⊥q〉)
and vt− =
(
m|q]/[i⊥q], |i⊥〉). Explicit expressions for
the massive-vector polarizations can be found in [41] (see
also [42]). We consider massive gravitini with ± polar-
izations and rewrite selected gravitini–vector amplitudes
as (I = 0, . . . , n)
M3
(
1ξ¯+, 2ξ−, 3A−1+
)
= −
√
2imΩV−1
〈2⊥q〉
〈1⊥q〉 ,
M3
(
1ξ¯+, 2ξ−, 3AI+
)
=
√
2imΩVI
[1⊥q]
[2⊥q]
. (23)
We note that, aside from the gravitino minimal coupling,
the first amplitude has a contribution coming from a cu-
bic interaction of the form 2iF−1±µν ξ¯
µP∓ξν , where P± de-
notes the chirality projector and A−1µ is the gravipho-
ton. The overall factor of Ω = [3⊥1⊥]3/([1⊥2⊥][2⊥3⊥])
is equal to the gauge-theory amplitude between two mas-
sive and one massless vectors. The (n + 2)-dimensional
vector VA defines the choice of U(1)R gauge vector and
is given in (19). This result matches the one from the
double copy provided that the gauge theory VEVs are
V˜α =
(
0,m
)
, V (±)a =
(
0,±m, 0, . . . , 0) . (24)
The magnitude of the VEVs in the two gauge theories de-
termines the supergravity parameter gR or, alternatively,
the masses of gravitini and spin-1/2 fields. Similarly, the
direction of the gauge-theory VEVs is identified with the
supergravity vector VA which defines the U(1)R gauge
field. From the point of view of the underlying gauge
theories, the vanishing of the first entry in each VEV
arises because the scalar fields φ1 and ϕ5 descend from
the 5D gluons which have no VEV (the remaining zeros
can be understood from the SO(n− 1) symmetry of φs).
Conclusions: We have presented an explicit realiza-
tion of an infinite family of supergravity theories with
gauged U(1)R in the double-copy framework, and veri-
fied the construction by analyzing how the spectrum and
three-point amplitudes are deformed by the parameter
gR. For this family, the double copy automatically gives
that all fermionic fields have the same mass, in agreement
with the supergravity Lagrangian. On general grounds,
the double copy is expected to be robust beyond our ex-
plicit checks since the two gauge theories that enter the
double-copy construction of the generic Jordan family
admit massive deformations which preserve C/K duality
and break supersymmetry. Hence, the double copy ap-
plied to any multiplicity and loop order should give sensi-
ble (diffeomorphism-invariant [26]) amplitudes in super-
gravities with spontaneously-broken supersymmetry.
The double-copy construction given in this letter ex-
tends straightforwardly to gauged YME supergravites by
gauging a compact subgroup of the little group of VI ,
which determines the U(1)R gauge field. Our results may
be generalized in several other directions, such as includ-
ing hypermultiplets and partial supersymmetry breaking,
as well as extensions to N ≥ 4 gauged supergravities with
partial or complete supersymmetry breaking. The ba-
sic feature of the construction is expected to remain un-
changed: combining a spontaneously-broken gauge the-
ory with a theory with broken supersymmetry yields
the amplitudes of a supergravity with massive gravitini
(and hence spontaneously-broken supersymmetry). Fi-
nally, the construction outlined here opens the door to
a complete classification of gauged supergravities with
Minkowski vacua and broken supersymmetry that admit
double-copy realizations. Understanding these theories
5may provide clues for extending the double-copy struc-
ture to vacua with an Anti-de-Sitter spacetime.
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